Abstract. The data for this analysis are based on the schistosomiasis control project of the Noguchi Memorial
INTRODUCTION
Schistosomiasis is a parasitic disease that affects about 200-300 million people world-wide. [1] [2] [3] It is second to malaria in terms of socioeconomic and public health importance in subtropical and tropical countries, including Ghana. 3 Earlier schistosomiasis control programs in Ghana, which yielded variable results, laid emphasis on snail control (Jones CR, unpublished data). 4, 5 Subsequent development of safe and effective oral drugs and quantitative diagnostic techniques suitable for field use gave way to changes in the control strategy from transmission to morbidity control. 3, 6 The superior nature of combined versus single programs for schistosomiasis control has been reported in Egypt 7, 8 and in Sudan. 9 Prevalence of schistosomiasis has been on the increase in Ghana since the creation of the Volta Lake (Jones CR, unpublished data). [10] [11] [12] [13] In 1992-1993, the Noguchi Memorial Institute for Medical Research carried out an epidemiological study on urinary schistosomiasis in eight communities in southern Ghana. The overall prevalence of infection ranged between 54.8% and 60.0%, indicating that the disease continues to be a major problem in some parts of Ghana. The study also showed that the rate of urinary schistosomiasis in the study area increased by age with a peak in 10-19-yearold individuals and decreased with age (Aryeetey ME and others, unpublished data). Also, snail sampling conducted in the study area during the same period revealed that Bulinus globosus is the intermediate host snail for urinary schistosomiasis in southern Ghana. These snails were observed in all eight communities. A total of 3.1% (60 of 1,913) of B. globosus snails collected were infected. Generally, the snails were observed at the water contact sites of the streams and ponds during the minor rainy season (September and October), the dry season (December and January), and in August and November. At Ntoaso, one of the eight villages, B. globosus snails were found at water contact sites along the Ntoa stream throughout the year. 14 The schistosomiasis control project of the Noguchi Memorial Institute for Medical Research was designed to study the effectiveness of an integrated community-based control program. It embraced chemotherapy and health education to mobilize active community participation in the provision of safe water supply, sanitation, and environmental management through weed removal at water contact sites. The study was carried out from 1993 to 1997, but this paper presents observations made from 1993 to 1995.
MATERIALS AND METHODS
Study area. Eight villages in the Ga and Akuapem South Districts of Ghana, with similar socioeconomic backgrounds, were grouped according to existing institutions into three study areas (Figure 1 ). All the villages are located approximately 40-60 km northwest of Accra. Area 1 consists of two villages, Ayikai Doblo and Akramaman. Ntoaso and Sansami Amanfro constitute Area 2 while Area 3 is made up of four villages: Dom Faase, Papase, Chento, and Gidi Kope. People living in seven of these villages depend on waters from the Densu River and its tributaries while those in the remaining village depend on the tributaries and ponds for their daily activities. Fishing is carried out in the Densu River, its tributaries and in the temporary pools created by the overflow of the rivers during the rainy season. Community members of the eight villages are mainly peasant farmers who grow maize, cassava, and vegetables. The Ministry of Health of Ghana approved the study, as did the District Medical Officers of Health of the Ga and Akuapem South districts. Consent of the participants was sought and obtained at durbars (forums with chiefs, elders, and community members).
Study population (termed whole population). The study population was made up of individuals five years of age and older. Data on population census were collected in 1992 during the epidemiological study of Schistosoma haematobium infection in the present study area and were updated in 1994 and 1995 for the control program. Individuals were stratified by age and sex. Study design. Persons in all the three areas received drug treatment (praziquantel) 40 g/kg of body weight after baseline data collection. Individuals in Area 2 had no health education. Area 1 received passive health education (see definitions) in addition to the chemotherapy. Area 3 received active health education (intensive teaching) in addition to the drug treatment.
Health education. The health education program in Areas 1 and 3 was initiated in April 1994 and remained in session until May 1997. All teaching materials were specially designed and prepared for the project by the project team. The teaching materials were in the form of posters and flip-charts based on general hygiene and life cycle and control of urinary schistosomiasis. Video shows on the life cycle and control of the disease formed an integral part of the educational program. Area 2 received no health education.
In Area 1, the health education was conducted by leaders of the existing organizations (churches, Moslem groups, schools) who received only briefing on the posters and flipcharts prior to the beginning of the program. A video show was conducted for the entire area only once at the beginning of the intervention program; consequently, the education program was not intensive.
In Area 3, locally recruited and specially trained community health volunteers carried out the education. They visited parents/guardians of school age children (5-16 years old) twice a week for 18 months (intensive teaching). Video shows for the entire communities were organized once a month for each community in addition to a ''spelling bee'' (spelling competition on schistosomiasis related words) and a quiz on schistosomiasis for the school children.
Definitions. Passive education. Provision of health education using existing institutions such as educational, religious, and social facilities. The researchers explained the illustrations to the leaders of these groups at a session and the leaders in-turn carried out the education on their normal meeting days (not intensive).
Active education. Provision of education involved trained community members who went from house to house explaining the life cycle of the parasite and the method of its control to parents/guardians of children 5-16 years old twice a week for 18 months (intensive teaching). Its purpose was to mobilize residents to actively participate in the construction of a safe water supply, pit latrines, and environmental management of water contact sites through weed removal.
Community mobilization. Residents in Area 3 were mobilized through the health education program and durbars (forum with community members). Committees for safe-water supply, provision of sanitary facilities, and environmental management of the water contact sites were formed at the gathering to organize and implement program discussed and adopted.
The Ghana Water and Sewerage Corporation Accra and Dawu development committee in Dawu provided material and technical assistance for the construction of the wells in all three areas while the communities provided labor. One of the communities in Area 3 provided its pump.
Institutions/facilities (schools, churches, clubs, wells, toilets) available in the study area were assessed at the beginning and end of the project.
Treated population. The treated population was made up of school age children (5-16 years old) and adults (Ն 17 years old) excreting eggs during an epidemiological study on S. haematobium infection carried out in the same study area prior to the control program.
Urine examination. A single urine sample was collected from 10:00 AM to 2:00 PM from the whole population for the assessment of the prevalence of S. haematobium infection. A filtration technique was used in examining the samples for the presence of S. haematobium eggs. 15 Black eggs were considered dead. Samples containing only dead eggs were therefore considered negative.
Analytical framework. Two separate models were considered: one for prevalence before intervention and the other for prevalence after intervention. Two dependent variables, P B and P A are defined as response variables for the cases of pre-and post-interventions. The dependent variable here is whether or not an individual is infected with schistosomes. Since this variable is binary, ordinary regression is not appropriate for modeling and analysis. The natural way to model and analyze such data is by logistic regression. 16, 17 The major goal of this analysis is to predict the probability of schistosomiasis infection of individuals and factors associated with the infection.
Another model based on intensity of infection was also constructed. The main objective here is to find the determinants of intensity of infection using the raw quantitative data of egg counts.
The logit model for prevalence. Let P be a dichotomous variable indicating whether or not a person is infected with schistosomes and the latent variable P i *, the prevalence of schistosomiasis. We define P ϭ 0 if a person was not infected with schistosomes (Group 1) and P ϭ 1 if a person was infected with schistosomes (Group 2)
and X ij is the j th independent variables (risk factors) for i th individual, ␤ j is the regression coefficient of the j th independent variable, ␤ o is the intercept, and ⑀ i is the error term with cumulative logistic distribution. The details of the model development are given in the Appendix 1.
General linear modeling of intensity of infection. Intensity of infection, I, defined as the egg count in individuals, is a quantitative variable and so the general linear model (GLM) was used. The GLM for the data set before intervention was defined as I B ϭ c i ϩ ␤ 2 X 2 ϩ ␤ 3 X 3 ϩ ⌺␤ m X 2 X 3 , where c i ϭ ␤ o ϩ ␤ 1 X 1 , ␤ o , ␤ 1 , ␤ 2 , ␤ 3 , and ␤ 4 are the parameters of the model and ␤k is the coefficient of the interaction, which measure the effects of the respective independent variable on intensity before treatment. The second GLM for the data was constructed for intensity after intervention which was used to estimate the effect of the intervention program. I A ϭ c* i ϩ ␤* 2 X 2 ϩ ␤* 3 X 3 ϩ ␤* 4 I B ϩ ⌺␤* m X 2 X 3 , where I A is intensity after intervention and all the other symbols are as defined above. (The asterisks indicate parameters after intervention.)
Description of variables. The model developed in the next section was to identify risk factors associated with the presence of schistosomes in individuals. The risk factors (independent variables) that were considered in the models were A ϭ age in years, D ϭ area, and S ϭ sex. The variables area and sex have been recoded using the design variables 0 if an individual comes from Area 3, D ϭ 1 if an individual comes from Area 2, 2 if an individual comes from Area 1, S ϭ 0 if an individual is a female, and 1 if an individual is a male.
RESULTS
The results of fitting the logistic regression model to the preintervention data are shown in Table 1 . In this table, the estimated coefficients for the two design variables for area are indicated in the lines denoted by 1 and 2 and that for the one The model is significant at the ␣ ϭ 0.01 level. That is, there is 99% chance that the model has correctly been accepted. Also reported is the percentage of cases correctly predicted by the model. Of the individuals who were not infected, 52.6% were correctly classified while of those infected 84.5% was correctly classified. Overall, 71.3% of the individuals were correctly identified.
The results indicated that age had a negative effect on the prevalence of schistosomiasis, that is, as an individual became older, the probability that that individual would be infected was reduced, confirming earlier reports that prevalence of infection decreases with age. [18] [19] [20] By increasing the value of age by one year the risk of having schistosomiasis decreased 0.96 times. To depict this relationship, age was categorized into different groups and the percentage of infection in each group was indicated (Table 2 and Figure 2 ). As much as 23.7% (344 of 1,452) of the infected individuals in the three areas were in the second age group (10-14 years old), which reduced steadily with age. Furthermore, this same age group had the highest number of its population infected (85.4%, 344 of 403).
Sex was positively correlated with prevalence of infection. Since females were used as a control, the result indicates that there is a higher probability that a male will be infected with schistosomes than a female. Similar reports have been made in Ghana 18, 19 and in Zimbabwe. 21 Prevalence of infection among males was approximately 1.8 times that of females when the values of age and area are held constant (Table 1 ). Table 3 also shows the distribution of prevalence of S. haematobium infection by sex before and 24 months after intervention.
Area was not significant before the intervention program (Table 1) . This means that the prevalence of infection in the three areas was similar. Any difference in prevalence after intervention could then be attributed to the intervention (Table 2). The logistic regression result of S. haematobium infection 24 months after intervention is given in Table 4 . The model is given by P A ϭ 0.4707 Ϫ 0.1041A Ϫ 1.8933D 1 Ϫ 1.4340D 2 ϩ 0.4942S 1 .
The variable area being highly significant indicates that there were differences in prevalence of infection among the three areas. This is an indication that the intervention had an impact. Table 5 shows physical evidence of the positive impact of the intervention program, and for education in Area 3. These results are also valid when we consider the intensity of infection (Tables 6A and B and 7) . Tables 2, 4 , and 5 show the observations made in the study area 24 months after the intervention program. The significant difference between the three areas in terms of disease prevalence indicate the effectiveness of the health education program, confirming reports from the Sudan 10 and Zimbabwe. 22 The results in Table 4 indicate that the disease prevalence in Area 3 where active education took place was only 0.15 as frequent as in the area without health education (Area 2). The results (Tables 2, 4 , and 5) also indicate that there was a significant difference between Areas 1 and 3, the areas that received passive and active health education, respectively, an indication that the active health education was more effective than the passive one. Specifically, the disease prevalence in Area 3 was about 0.24 times that in Area 1. This observation depicts the type of education needed to effect a behavior change in relation to schistosomiasis because schistosomiasis is a behavior-related disease. 3 With regard to age and sex, even though they still remained significant after the intervention, their odds ratios did not change much from the baseline value.
DISCUSSION
The logistic regression analysis of the data has confirmed the multi-factorial nature of urinary schistosomiasis. It has confirmed observations made in Ghana and Kenya that urinary schistosomiasis is age related. Furthermore, it is sex related, as has earlier been noted in Ghana and Zimbabwe. The positive impact of health education on prevalence of infection has also been reported in the Sudan and Zimbabwe. The analysis has proved the positive impact of our intervention strategy in the control of urinary schistosomiasis in southern Ghana. Active health education (intensive teaching) has proved to be superior to the passive one.
Unfortunately, the exact cost of the programs cannot be provided. Materials and technical assistance for the construction of the wells were made available to all three areas. However, their provision to an area depended on demand by the area. Our health education program played a crucial role, in that Area 3 was the first area to make a request and they worked faster than Area 1. As a result, Area 3 constructed more structures than the other two areas. Area 2, the area that received no education, requested assistance, which was provided comparatively late, and despite the fact that their well lacked a pump at the end of the project, the people were making use of the water. The cost of the educational materials for Areas 1 and 3 also have to be taken into account. It can therefore be said that the cost of the programs for Areas 1 and 3, the areas that received passive and active health education was higher than that of Area 2.
APPENDIX 1 Development of logistic regression model
Suppose (x) ϭ Prob(1ͦx) represents the conditional probability that an individual is infected with schistosomes with given characteristics X when the logistic distribution is used. The specific form of the logistic regression used here is represents the conditional probability that an individual is infected given X when the logistic distribution is used. Thus (x) ϭ Prob(0ͦx). Using the logit transformation, the linear logistic regression model for the dependent variable P i on the values of the k explanatory variables, X 1i , X 2i , . . . ,X ki , associated with that observation is
